Perceptual anticipation has often been investigated using a video-based, temporal occlusion paradigm, especially in sport. In this paradigm, the participants' task is to predict the outcome of the situation based only on the information prior to the occlusion. The occlusion point(s) has typically been based on objective, physically-deterministic events (e.g., the point of foot-ball contact in a soccer penalty kick). However, in other dynamic domains (e.g., law enforcement), such events are often less informative with regards to the ultimate outcome of any given action. In this paper, we describe a series of studies that employed a temporal occlusion paradigm in law enforcement. Using a series of converging methods of analysis, the purpose was to identify scenarios that discriminated between experienced and less-experienced law enforcement officers' ability to accurately anticipate the immediate future state of the situation, and then identify the occlusion point in each discriminating scenario that maximized the experience-based difference. This method can be applied to investigations of perceptual anticipation in other dynamic and complex domains.
INTRODUCTION
Perceptual anticipation-the ability to utilize environmental information cues to anticipate how a situation may unfold in the immediate future-is a hallmark of expertise (Suss & Ward, in press ). One method, dating back 50 years, employed to investigate perceptual anticipation is the temporal occlusion paradigm (e.g., Haskins, 1965) . In video-based temporal occlusion studies, participants typically view video stimuli depicting dynamic action sequences (e.g., tennis player's serve, pattern of play in soccer). The stimuli are occluded (i.e., the screen turns black) at a specific point during the developing action sequence, and participants are asked to predict the situational outcome (e.g., the future location of an opponent's tennis serve; the intention of a soccer player-shot at goal, pass to another player, or continue running with the ball).
Temporal occlusion studies typically seek to identify the time point, or time window, during which experts demonstrate an advantage in their ability to use perceptual information to correctly anticipate the outcome. In sport-related studies that have employed this paradigm, occlusion point(s) have often been determined by objective ecological events, such as the point of ball-racket contact in racket sports (e.g., Abernethy & Russell, 1987) , foot-ball contact in soccer (e.g., Savelsbergh, Onrust, Rouwenhorst, & Van Der Kamp, 2006; Ward, Ericsson, & Williams, 2012) , ball release in cricket (e.g., Mann, Abernethy, Farrow, Davis, & Spratford, 2010) , or weapon impact in fencing (e.g., Hagemann, Schorer, Canal-Bruland, Lotz, & Strauss, 2010) . For example, Ward et al., (2012) occluded clips of soccer plays approximately 120 ms prior to foot-ball contact. These 'events' are typically deterministic and governed by the laws of physics (e.g., direction and velocity of a 'pass' in soccer is determined by kinematic and kinetic variables that precede it). In addition, more probabilistic information is available to dis/confirm predictions made from this deterministic information, such as the preceding and/or co-occurring movements and locations of their teammates relative to other opposing players and the goal.
In other real-world, dynamic situations-such as law enforcement confrontations-physically deterministic events are often less informative with regards to the ultimate outcome of any given action. For instance, deterministic perceptual cues may be available to tell the observer that a suspect is reaching in to his/her pocket, but not what the suspect will take out (e.g., a weapon vs. driver's license). Likewise, in sport, the number of possible outcomes for any given action is often highly constrained by the rules of the game (e.g., shoot, pass, retain possession of the ball), whereas in complex domains that have fewer constraints the possible outcome of any given action is relatively unlimited. Consequently, observers have to rely more on probabilistic information cues to predict the outcome. Accordingly, to measure participants' perceptual anticipation skill, the point of occlusion has to be based on these probabilistic events. This paper describes a series of studies that employed a temporal occlusion paradigm to (i) identify dynamic law enforcement scenarios that could discriminate between experienced and less-experienced police officers' ability to perceptually anticipate the outcome, and then (ii) determine the occlusion point within each discriminating scenario that maximized the experience-based difference in anticipation performance.
First, we describe the video stimuli and the methods used in each study. Then we describe the data analysis, which was conducted on the pooled data across the three studies.
Video Stimuli
Twenty-three interactive, video-based law enforcement scenarios (IES Interactive Training: Ann Arbor, MI) served as the basis for the experimental stimuli. Each scenario depicted a high-or low-likelihood event encountered by officers in the line of duty (e.g., disturbance call, potential suicide, domestic assault). Seventeen escalating scenarios culminated in the suspect(s) simulating an attack (e.g., swinging a baseball bat, shooting firearm, detonating an improvised explosive device). Six deescalating scenarios culminated in the suspect(s) surrendering or calming down. Each video stimulus (19.34-93.88 s in length) began with a brief (i.e., approx. 10 s), audio-only 'radio dispatch message' describing the upcoming scenario (see Figure 1 ).
Exemplar Escalating Scenario: Blow Up
Radio message/context. "You and your partner are responding to a call describing a disturbance outside of a school. A boy sitting on the grass directly in front of you has been acting suspiciously."
Scenario description. The participant arrives on scene with another officer. The fellow officer escorts students away from the suspect and asks the participant to take care of the suspect. As the participant approaches the suspect, the boy gets up and becomes verbally aggressive. The boy is wearing an untucked, partially buttoned shirt. A wire can be seen hanging down under the shirt. The boy opens his shirt to expose an improvised explosive device around his waist. A school bus approaches in the background. The boy removes the actuator from his waistline and holds it in his hand. He then gets flustered and drops the actuator on the ground. He bends down to pick it back up and then detonates the device just as the school bus pulls up next to him. Each scenario was digitally edited to end at the selected occlusion point (i.e., was replaced by black screen with no further information provided). One escalating scenario was used as the practice trial in all three studies. Figure 2 outlines the sequence and attributes of each study.
STUDY 1
Occlusion points: 1 point per scenario; based on, or extrapolated from experimental data using the same or similar scenarios (Ward et al., 2011) . Participants: 11 experienced officers, 14 police recruits. Scenario presentation: Projected onto a large screen. Procedure: Interacted with scenario, then generated and rated anticipation options.
STUDY 2
Occlusion points: 1 point per scenario; determined via Cognitive Task Analysis using four subject-matter experts. Participants: 16 experienced officers, 15 less-experienced officers. Scenario presentation: Projected onto a large screen. Procedure: Interacted with scenario, then anticipated the outcome.
STUDY 3
Occlusion points: 3 points per scenario; determined by the experimenters following a preliminary analysis of the data from Studies 1 and 2. Participants: Approximately 17 experienced officers and 22 police recruits per occlusion point. Scenario presentation: Embedded in a web-based experiment. Procedure: Observed scenario passively, then anticipated the outcome.
DATA ANALYSIS
1. Identified six of the 23 scenarios that contained an occlusion point(s) that could reliably discriminate between experience groups in terms of anticipation accuracy. 2. Identified the optimal occlusion point in each of the six discriminating scenarios (i.e., the point that maximized the experience-based difference in anticipation accuracy). 
STUDY 1
In this study, a single occlusion point was identified for each scenario. Anticipations were elicited using an optiongeneration paradigm (see Suss & Ward, 2012) .
Method
Participants. Experienced participants were 11 male, SWAT-qualified law enforcement officers with a median of 9 years of experience (range: 6-18 years) and an average of 2082 hours (SD = 724) of training time. Fourteen lessexperienced participants were male law enforcement recruits who were near completion of a 21-week training program.
Occlusion-point determination. To create stimuli that allowed participants to predict the culminating event, based on behavioral data from a prior simulation study (see Ward et al., 2011) and our subjective interpretation of this data we identified a critical turning point (e.g., suspect picks up baseball bat lying on the ground) that occurred within 3 s of, and presaged, the culminating event of each scenario. Next, we identified a specific occlusion point-the earliest point in the video where a predictive cue was noticeable (e.g., first observable moment when suspect starts reaching toward the baseball bat).
Procedure. Participants wore an equipment belt that held a replica handgun, inert chemical spray, real baton, and a radio. They stood, facing a large projection screen, and interacted with the video stimuli as if they had been dispatched to the situation while on patrol.
After occlusion, participants answered the question "What could happen next on the screen in the next few seconds?" by generating options that were 'heeded' at the point of occlusion. Then, officers rated the likelihood that each option would occur next, using a scale ranging from 1 (not at all likely) to 100 (very likely). The likelihood ratings were required to sum to 100.
After completing the practice trial, participants completed 19 test trials in a randomized order.
Data preparation. For each scenario, the anticipated outcome was defined as the option that participants rated highest in likelihood. Where two equal options were rated equally likely, the anticipated outcome was deemed the one generated earliest in the generation sequence.
STUDY 2
In Study 1, the experimenters selected the occlusion point for each scenario based on prior research and additional subjective scrutiny of the test videos (Ward et al., 2011) . In Study 2, the occlusion points were identified via a cognitive task analysis (CTA) conducted with subject-matter experts (SMEs).
Method
Participants. Experienced participants were police officers (n = 16; 0 females, 16 males) who had at least 12 years of total law enforcement experience (M = 17.96, SD = 5.09, range: 12.34-26.02) and some street-patrol experience (M = 9.37 years, SD = 5.55, range: 3.25-24.43). Less-experienced participants (n = 15; 2 females, 13 males) were police officers who had less than 5 years of total law enforcement experience (M = 2.54, SD = 1.83, range: 0.12-4.75) and no street-patrol experience; they were serving as correctional officers in jails.
Occlusion-point determination via CTA. Four SMEsexperienced police trainers from a large urban police department who were specialists in use-of-force and police tactics training-reviewed the scenarios. The SMEs had a median of 21.25 years' (range: 21.00-25.25) law enforcement experi-ence. Each SME observed the scenarios passively (i.e., without interacting), from a seated position. They were instructed to identify the earliest point in each video scenario at which they believed skilled law enforcement officers should be able to correctly anticipate the actual outcome. The SMEs were allowed unlimited time to scrutinize the videos, using normal speed, slow motion, and pause functions to watch and rewatch the videos until they had identified and were satisfied with their selected optimal occlusion point. During this time, the SMEs were asked to verbalize their thoughts and were probed about important features, cues, and patterns that were informative of the subsequent outcome. The experimenter recorded the exact time point/frame number that corresponded with the selected occlusion point.
Due to their limited availability, each SME reviewed a subset of the scenarios. Of the 17 escalating scenarios, 10 were scrutinized by all four SMEs, six were scrutinized by at least two SMEs, and one was scrutinized by a single SME.
An analysis of inter-rater reliability was conducted on the 10 scenarios scrutinized by all four SMEs. The average length of the scenarios was 42.62 s (SD = 10.84). Across the 10 scenarios, the average difference between the earliest and latest occlusion point identified by the SMEs was 1.40 s (SD = 1.23). This provided some initial evidence that the four SMEs identified a similar point in each scenario as the ideal occlusion point.
A more formal assessment of inter-rater agreement across the 10 scenarios was conducted by calculating an intraclass correlation coefficient (ICC; Shrout & Fleiss, 1979) using occlusion-point time as the continuous dependent variable. The ICC (2, 4) coefficient was 0.999, with a lower 95% confidence interval bound of 0.997-representing almost perfect agreement.
One experimenter also completed, independently, the same task as the SMEs. When the experimenter's data were included in the reliability analysis for the 10 scenarios, the ICC (2, 5) coefficient was also 0.999, with a lower 95% confidence interval bound of 0.997.
Based on this analysis, the experimenter's data were included as an additional time point for the seven escalating scenarios that were not scrutinized by all four SMEs. Then, for each escalating scenario, the criterion occlusion point was defined as the SMEs'/experimenter's median time point. The experimenter selected the occlusion point for the six deescalating scenarios.
Procedure. As in Study 1, participants interacted with the video stimuli, which were displayed on a large projection screen. At the point of occlusion, participants were asked to verbalize what they anticipated would happen next in the video, if it were to continue. After the practice trial, participants completed the 22 test trials in a randomized order.
Data preparation. To prepare the data for scoring, participants' verbalized anticipations were transcribed from audio recordings into an Excel spreadsheet.
STUDY 3
A preliminary analysis of the data from Study 2 revealed that across all scenarios, the experienced group performed significantly better than the less-experienced group. However, across all scenarios the mean percentage of experienced participants who anticipated the outcome correctly was below 50%. These data suggest that (i) some scenarios may not contain cues that are sufficiently salient to facilitate anticipation, (ii) the occlusion points determined by the SMEs occurred prior to salient cues becoming available, and (iii) participants' interaction with the video scenarios affected their ability to anticipate the outcome of the scenario.
Therefore, to gain a more detailed understanding of anticipation performance in each scenario, an online, computerbased study was conducted with three occlusion points per scenario.
Method
Participants. Fifty-two experienced law enforcement officers responded to an announcement that was distributed to police training agencies, state tactical officer associations, and law enforcement web sites. Complete demographic and law enforcement experience data were obtained for 42 (2 females, 40 males) of the 52 experienced officers. The 42 officers had an average of 14.18 years' (SD = 8.54, range: 1-34) law enforcement experience. Less-experienced participants were 65 police recruits (9 females, 56 males) who responded to an informational flyer posted at a regional police academy. Although 16 recruits had served in the military, none had any civilian policing experience.
Occlusion-point determination. Based on a preliminary analysis of the data from Study 1 and 2, we identified three occlusion points for each of the 22 test video scenarios-each occlusion point was centered around the 'turning points' identified by the SMEs in Study 2 and used the observable objective cue(s) that would permit prediction (as in Study 1). For example, in Study 1 the Blow Up scenario was temporally occluded immediately prior to the suspect detonating the improvised explosive device. At that late point in the scenario, all of the experienced participants anticipated the outcome correctly, as did 71% of the less-experienced participants. In Study 2, the Blow Up scenario was temporally occluded at an earlier point-when the improvised explosive device had just become visible under the suspect's shirt. At that relatively early point, only 18.75% of experienced participants and 13.33% of less-experienced participants anticipated the outcome correctly. Based on these data, and assuming that anticipation performance would only improve over the period between the early and late occlusion points, it was reasonable to hypothesize that the point of maximum discriminability would occur during the time period between those two occlusion points. Therefore, we identified three intermediate occlusion points, each of which corresponded with the onset of a critical cue in the video. Occlusion points in the remaining scenarios were identified using a similar process. At least one occlusion point selected for this study corresponded with an occlusion point used in Study 1 or 2.
Web-based experiment. The edited videos were inserted into a web-based experiment using Qualtrics Online Survey Software (www.qualtrics.com). The experiment was programmed to present participants with one version of each of the 22 test trials (i.e., one of the three occlusion points for each trial), in a randomized order. The version of a given scenario
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that was presented to each participant was determined by the software, which was programmed to balance-within each experience group-the number of participants who viewed each version of a scenario. Across the 22 test trials, participants viewed an average of approximately 7.33 scenarios (SD ≈ 2.00) at each of the three occlusion points.
Procedure. Experienced participants completed the online experiment at their convenience (e.g., at work or at home). The less-experienced participants completed the experiment in a computer lab at the police academy. After viewing, passively (i.e., without interacting), the temporally-occluded scenario in each trial, participants typed their anticipated outcome into a text box on the screen.
Data preparation. The data were downloaded from the Qualtrics web site, and were then cleaned and exported to Microsoft Excel for scoring.
DATA ANALYSIS

Data Screening
If participants indicated that they had seen a scenario before (i.e., during their law enforcement training), their response for that scenario was deleted from the data set. None of the participants in Study 1 and 2 indicated that they had seen any of the scenarios before. Of the 2482 data points collected in Study 3, 44 (1.78%) were deleted.
Anticipation Scores
The criterion anticipation for each scenario was the final action carried out by the suspect after the occlusion point (e.g., detonating the improvised explosive device, placing the knife on ground and surrendering). Anticipations were scored as "correct" if they matched the criterion.
Analyses
For each scenario, data from the three studies were combined. Three types of analyses were then used to identify scenarios that discriminated between the experience groups, and to identify the optimal occlusion point. These analyses were performed for each scenario separately and provide converging evidence regarding the usefulness of each clip for assessing anticipation performance.
Cumulative probability plots. Using the criterion anticipation scores, we calculated the log of the odds ratio (i.e., number of correct anticipations divided by the number of incorrect anticipations) for experienced and less-experienced participants at each occlusion point. In instances where there was zero correct or incorrect anticipations, a correction was made by adding 0.5 to both numbers (Agresti, 2002) . These log odds ratios (y axis) were plotted against occlusion-point time (x axis), centered around the mean occlusion-point time. A linear trend line was then fitted to each group's data. Using the slope and intercept of each line, the probability of a correct anticipation was calculated across the time period bounded by the earliest and latest occlusion points, in increments of 0.01 s. The cumulative probability for the experienced and lessexperienced groups was then plotted against time, and the time of maximum difference (in favor of the experienced group) was identified and recorded as the optimal occlusion point. To ascertain the impact of combining the data from the three studies in one analysis, this process was repeated using only the three occlusion points from Study 3; the results did not differ significantly.
2 x 2 Pearson's chi-squared tests of independence. To detect whether the number of correct anticipations generated by the experienced and less-experienced groups were independent of each other, Pearson's chi-squared tests of independence were conducted on the data at each occlusion point. Fisher's exact test was used when expected cell frequencies were less than 5.
Pearson's chi-squared goodness-of-fit tests. When chisquared tests of independence are conducted using small sample sizes-such as those that characterize the number of participants at each occlusion point-the type II-error rate can be inflated (Neyman & Pearson, 1928) . For example, the power to detect a difference between proportions-correct of .5 and .7 with a total sample size of 30 is approximately .20; to detect the same difference with a power of .80, a total sample size of 186 would be required. Furthermore, the power to detect a difference increases as the proportions diverge from 0.50. For example, for a fixed sample size, the power to detect a significant difference between proportions of .50 and .70 is less than the power to detect the difference between proportions of .10 and .30, even though the difference in proportions (i.e., .20) is the same. This is problematic, because in the current study the difference between .50 and .70 is more interesting (i.e., one group performs better than chance) than the difference between .10 and .30 (i.e., both groups performing below chance).
However, using a chi-squared goodness-of-fit test (cf. chisquared test of independence), researchers can assess differences between observed data and a theoretically-derived expected value. In this analysis, the observed values within each experience group were compared to a distribution in which 50% of participants anticipated the outcome correctly. Fifty percent was selected as the theoretical comparison value as this represents the most conservative comparison value for anticipating at chance levels. Although there is clearly more than one incorrect anticipation that participants could generate, using a lower theoretical comparison value for chance anticipation (e.g., 20%) could result in a low-and potentially uninteresting-proportion of correct anticipations appearing to be a significant departure from the theoretical expected value (e.g., when greater than 20% but less than 50% of participants anticipate correctly). Using the goodness-of-fit test with the expected value set to 50%, the ideal situation would be the detection of an occlusion point at which the proportion of correct anticipations generated by experienced participants is above, and significantly different from 50%, and the proportion of correct anticipations generated by less-experienced participants is not significantly different from 50%.
Identification of Discriminating Scenarios
Each scenario was initially classified as discriminating or non-discriminating using the cumulative probability data. Discriminating scenarios were those for which, at any time point(s), the experienced group's probability of anticipating the actual outcome was greater than .5, and the difference be-
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tween the experienced and less-experienced groups' probabilities was greater than .1.
Then, using the cumulative probability data for each discriminating scenario, the time point was located that corresponded with the maximum difference between the experienced and less-experienced groups' probabilities. This time point was then compared to the occlusion points used in each study, and the temporally closest occlusion point was identified. The occlusion point was classified as optimal if: (a) the Pearson's chi-squared test of independence was significant at p < .05, and/or (b) when more than half of the experienced and lessexperienced participants anticipated the outcome correctly, the Pearson's chi-squared goodness-of-fit tests indicated that the proportion of correct anticipations was significantly greater than 50% for the experienced group, and not significantly different than 50% for the less-experienced group, and/or (c) More than half of the experienced participants, but fewer than half of the less-experienced participants anticipated the outcome correctly.
RESULTS
Of the 23 scenarios, six escalating scenarios were classified as discriminating; for each of these, an optimal occlusion point was identified (see Table 1 ). 
DISCUSSION
This experiment described a principled procedure for identifying scenarios that discriminated between experienced and less-experienced participants' ability to anticipate the situational outcome. After identifying the discriminating scenarios, the optimal occlusion point was determined using converging analytical methods.
Other approaches to the study of perceptual anticipation (e.g., level 3 situation awareness-projection; Endsley, 1995a) have advocated freezing/pausing dynamic simulations at random points (e.g., Situation Awareness Global Assessment Technique; Endsley, 1995) . In contrast, we suggest that in many situations, the availability of ecologically valid cues that can be leveraged for the purposes of anticipating the future occur in a context-dependent-and not in a random-manner.
Selection of occlusion points based on the availability of ecologically valid cues affords the researcher an efficient way to hone in on what is, perhaps, the most interesting aspect of perceptual expertise: perceptual anticipation.
The approach we outlined can advance theory by identifying important features of the ecological structure to which experts have become attuned during the development of perceptual expertise. In terms of practical application, ecologically valid cues-once identified-can guide the education of attention and development of training programs for enhancing perceptual anticipation among officers at all experience levels.
More broadly, this approach can also be applied to investigate perceptual anticipation in a range of critical domains (e.g., military situations, emergency medical care, driving) in which potentially dangerous, difficult, and/or threatening situations develop in a dynamic manner-and often over short periods of time.
